Strawberry tree (Arbutus unedo) belongs to the Ericaceae family and is endemic to the Mediterranean area. Its fruits are edible and its fruits and leaves are used in folk medicine for diverse purposes. Previous studies have shown that the fruits are rich in flavonoids, responsible for their antioxidant properties and compounds isolated from the entire plant were promising in cancer chemopreventive therapy.
Introduction
There is considerable epidemiological evidence that insufficient intake of fruits and vegetables may predispose the human body to a range of chronic health disorders, including cancer and cardiovascular disease [1] . Phytochemicals, such as polyphenols, present in many fruits and vegetables may participate in disease prevention and this has contributed to the growing interest in identifying components in edible plants responsible for anticancer effects [2] . Cancer cell invasion is a critical point for cancer metastasis and it is generally accepted that remodelling of the extracellular matrix (ECM) is required for cancer cell invasion and stored at -80ºC prior to extraction.
Extract preparation
To each 1 g of lyophilized powder, 12 mL of hydroethanolic solvent (50% (v/v) ethanol/water) was added and the mixture was shaken for 30 min at room temperature in the dark. The mixture was then centrifuged at 12400 g for 10 min at room temperature.
The supernatant was filtered through paper filter and then through 0.2 µm cellulose acetate membrane filters. The resulting extracts were stored frozen at -80 ºC.
Solid Phase Extraction
Hydroethanolic extracts were fractionated by Solid Phase Extraction (SPE) using a Giga tubes 2g/12mL, C18-E units (Phenomenex®). The columns were pre-washed in 0.5% (v/v) glacial acetic acid in acetonitrile and then pre-equilibrated in 0.5% (v/v) glacial acetic acid in water. The extracts were dried under vaccum and ressuspended in 0.5% (v/v) glacial acetic acid in water, then they were applied to the columns and unbound material, which contained sugars, organic acids and vitamin C, was discarded. The columns were washed with 0.5% (v/v) aqueous acetic acid and then polyphenolenriched bound fractions were eluted with 0.5% (v/v) glacial acetic acid in acetonitrile [20; 21].
Total phenolic measurement
Determination of total phenolic compounds was performed by the Folin-Ciocalteau method [22] . Briefly, to each well of a microplate, 235 µL water, 5 µL sample (or solvent in the control), 15 µL Folin-Ciocalteau's reagent (Fluka®) and 45 µL saturated Na 2 CO 3 were added. The microplate was incubated for 30 min at 40 ºC and the absorbance at 765 nm measured. Gallic acid was used as the standard and the results were expressed in mg of gallic acid equivalents (mg GAE). was then monitored kinetically during 30 min at 37 ºC, after excitation at 493 nm using a FLx800 Fluorescence Microplate Reader (Biotek). The final results were calculated using the area differences under the fluorescence decay curves between the blank and the sample, and were expressed as mM Trolox equivalents (mM TE).
2.6. MMP-9 inhibitory activity assay MMP-9 pro-enzyme was activated using 4-aminophenylmercuric acetate (APMA). The enzyme was incubated with 1mM APMA in 100 mM Tris-HCl buffer (pH 7.5) containing 100 mM NaCl, 10 mM CaCl 2 , 0.05 % (v/v) Brij 35 and 2% (v/v) DMSO for 22 h at 37ºC in the dark. Then the reaction was stopped by placing on ice and the active MMP-9 was kept at 4ºC. MMP-9 activity was measured by the direct hydrolysis of MCA-Pro-Leu-Gly-Leu-β-(Dnpa)-Ala-Ala-Arg-amida substrate [25] , which has a fluorescent group 7-metoxicumarin-4-acetil (MCA) and a quenching group 2,4-dinitrofenilamine (Dnpa). Therefore, an increase in fluorescence intensity occurs as a result of substrate hydrolysis, namely the cleavage of peptide Gly-Leu. Before inhibition assays, tests using different concentrations of MMP-9 revealed a linear relationship between enzyme activity and enzyme concentration (data not shown). The highest concentration was chosen for inhibition assays. The assays were performed on 96 well plates measuring a residual enzymatic activity. The enzyme (3.2 nM) was preincubated with 100 mM Tris-HCl buffer (pH 7.5) containing 100 mM NaCl, 10 mM temperature was set at 275°C with sheath gas at 60 psi and auxiliary gas at 10 psi.
Before the analysis, the system was tuned by using known concentrations of cyanidin-3-glucoside (positive mode) and quercetin-3-glucoside (negative mode) in ultrapure water.
Statistical analysis
The results reported in this work are the averages of at least three independent experiments and are represented as the mean ± SD. Differences among treatments were detected by analysis of variance [26] with Tukey HSD (Honestly Significant Difference) multiple comparison test (á=0.05) using SigmaStat 3.10 (Systat).
Results and Discussion

Assessment of bioactivities in polyphenol-enriched fractions
After the hydroethanolic extraction, crude extracts were fractionated by SPE to obtain polyphenol-enriched fractions. The crude extracts and enriched fractions were assessed for total phenolic content, antioxidant activity for peroxyl radical and MMP-9 inhibitory activity ( Figure 1 ).
After SPE fractionation, strawberry tree fruit and leaf extracts showed a decrease in phenolic content (18% and 62% respectively). These decreases observed are probably due to molecules detected by Folin-Ciocalteu method, such as vitamins or organic acids but that are eliminated by the SPE [27] . Indeed, components such niacin, ascorbic acid, β-carotene, L-malic and quinic acids (detected and quantified in strawberry tree fruits by Alarcão-E-Silva et al [14] or Ayaz et al [13] ) could account for the apparent loss in "total phenol content" after SPE. The greater decrease in the fruit fraction could be due to the higher contents in vitamins and organic acids in fruits.
The strawberry tree fruit polyphenol-enriched fraction presented an increase of 100% of antioxidant activity, suggesting that the SPE fractionation eliminated some compounds with antagonistic effects. Strawberry tree leaf extracts had an antioxidant capacity recovery of approximately 100%.
The IC 50 values for MMP-9 inhibition for both fractions diminished 50%, which means that 50% of the amount of polyphenols was required to produce the same effect as the crude extract. Therefore, fractionation of strawberry tree tissues using SPE simultaneously eliminated molecules that could exert some antagonistic effects (e.g. in the antioxidant activity) and enriched phenolic compounds which diminished the IC 50 value for MMP inhibition.
Antioxidant and MMP-9 inhibitory activities
The strawberry tree fruit and leaf extracts gave significantly higher antioxidant capacities (211.66±22.82 mM TE and 308.56±26.74 mM TE, respectively) than blackberry and green tea, respectively ( Table 2 ). The composition of fruits is relatively well-known compared to leaves 
Conclusion
Phenolic compounds are reported to have antioxidant, antimutagenic and anticarcinogenic activity and are expected to reduce the risk of disease and to bring health benefits with daily intake [38] . Many naturally-occurring agents have shown chemoprotective potential in a variety of bioassay systems and animal models. In this work, polyphenol-enriched fractions of Arbutus unedo fruits and leaves were found to have high antioxidant and MMP-9 inhibitory activity which suggests that these tissues as promising sources of agents with pharmacological activities.
Gallic acid derivatives dominate the profile of both fruits and leaves of Arbutus unedo. 49.0 should be 449.0
We should also denote that figures in brackets within Tables are references. Table 2 for phenols and Table 3 for anthocyanins. 
